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ABSTRACT 

The program which MSC 5s c o n d u c t i n g  t o  d e m o n s t r a t e  
t h e  c a p a b i l i t i e s  o f  t h e  s p a c e c r a f t  h y p e r g o l i c  s u b s y s t e m s  t o  
r ema in  i n  a "wetted" c o n d i t i o n  f o r  a p e r i o d  o f  up t o  90 d a y s  
w i l l  n o t  b e  comple ted  u n t i l  s e v e r a l  months a f t e r  AS-~O~/CSM- 
lo3 i s  s c h e d u l e d  t o  l a u n c h .  S i n c e  h y p e r g o l i c  l o a d i n g  i s  
s c h e d u l e d  t o  b e g i n  a t  T-19 days  be l 'o re  l a u n c h ,  a nomina l  
8-day m i s s i o n  wquld l e a v e  on ly  3 r e m a i n i n g  d a y s  for con- 
t i n g e n c i e s - - w h i c h  would a c t u a l l y  be  t h e  t o t a l  l a u n c h  
o p p o r t u n i t y .  

I n  v iew o f  t h e  space  v e h i c l e  r e c y c l e  r e q u i r e m e n t ,  
t h e  p r o b a b i l i t i e s  a r e  v e r y  low t h a t  a 3-day l a u n c h  oppor-  
t u n i t y  c o u l d  s u p p o r t  more t h a n  a s i n g l e  l a u n c h  a t t e m p t  f o r  
a C P r i m e  M i s s i o n  w h e t h e r  i t  i s  l u n a r  o r b i t ,  l u n a r  swingby 
or low e a r t h  o r b i t .  I f  a C P r i m e  a l t e r n a t e  ( l u n a r  o r b i t )  
m i s s i o n  i s  f lown ,  t h e  d e c i s i o n  t o  e x t e n d  ( w a i v e r )  t h e  
h y p e r g o l i c  c o m p , a t i b i l i t y  l i f e t i m e s  na r rows  down t o  a c h o i c e  
o f  w h e t h e r  o r  n o t  a one o r  two l a u n c h  o p p o r t u n i t y  c a p a b i l i t y  
i s  d e s i r e d .  T h e  f o l l o w i n g  a r e  t h e  a l t e r n a t i v e s :  

a .  For a C P r i m e  ( A l t e r n a t e )  Miss ion ,  t h e  h y p e r g o l  
c o m p a t i b i l i t y  l i f e t i m e  would have t o  be  e x t e n j e d  a t  l e a s t  
4 d a y s  t o  f u l l y  c o v e r  t h e  d a y l i g h t  l a u n c h  o p p o r t u n i t y  i n  
Eecefiffiel: ;968. 

b .  For  a C P r i m e  ( A l t e r n a t e )  M i s s i o n ,  t h e  h y p e r g o l  
c o m p a t i b i l i t y  l i f e t i m e  would have t o  b e  e x t e n d e d  a t  l e a s t  
32 days  t o  f u l l y  c o v e r  b o t h  d a y l i g h t  l a u n c h  o p p o r t u n i t i e s  
for December 1968,  and J a n u a r y  1 9 6 9 .  
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S W E C T :  The I n f l u e n c e  o f  CSM-103 
Hypergol  Subsystem L i f e t i m e s  
on C P r i m e  M i s s i o n  Launch 
O p p o r t u n i t i e s  - Case 3 2 0  

MEMORANDUM FOR FILE 

DATE: Sep tember '  2 6 ,  1968 

FROM: C .  H .  E l € y  111 

The program which MSC i s  c o n d u c t i n g  t o  d e m o n s t r a t e  
t h e  c a p a b i l i t i e s  o f  t h e  s p a c e c r a f t  h y p e r g o l i c  subsys t ems  t o  
r ema in  i n  a "wetted" c o n d i t i o n  f o r  a p e r i o d  o f  up t o  9 0  d a y s  
w i l l  n o t  be comple t ed  u n t i l  s e v e y a l  months a f t e r  AS-503/CSM- 
103 i s  s c h e d u l e d  t o  l a u n c h .  Hence, CSM-103 i s  l i m i t e d  by 
i t s  c u r r e n t  d e s i g n  exposure  l i f e t i m e  o f  t h i r t y  d a y s  u n l e s s  
a n  e x t e n s i o n  i s  o b t a i n e d  t h r o u g h  a w a i v e r  from MSC. There 
i s  good r e a s o n  t o  b e l i e v e  t h a t  MSC can  g r a n t  s u c h  a w a i v e r  
t o  e x t e n d  t h e  c o m p a t i b i l i t y  w i t h o u t  a m a j o r  p e r t u r b a t i o n  o f  
t h e i r  t e s t  program.  The q u e s t i o n ,  however ,  i s  how much 
e x t e n s i o n  w i l l  be  r e q u i r e d  t o  a d e q u a t e l y  s u p p o r t  t h e  C 
Pr ime M i s s i o n  ( i n c l u d i n g  a l t e r n a t e s ) .  

NATURE O F  HYPERGOL COMPATIBILITY CONSTRAINTS 

The c o m p a t i b i l i t y  c o n s t r a i n t  o f  conce rn  i s  p i a -  
l o n g e d  e x p o s u r e  o f  t h e  CSM p r o p u l s i o n  subsys tem t o  hype r -  
g o l i c  p r o p e l l a n t s  i n  e i t h e r  l i q u i d  o r  v a p o r  form.* The 
h y p e r g o l  p r o p e l l a n t s / v a p o r s  i n v o l v e d  a re  Monomethyl- 
h y d r a z i n e  (MMH) , Aei-ozifie 50 (A-50) and  N i t r o g e n  T e t r o x i d e  
(N204). S i n c e  N 2 0 4  ( v a p o r  or l i q u i d  form)  i n  t h e  p r e s e n c e  
of  m o i s t u r e  forms  n i t r i c  a c i d ,  i t  i s  t h e  more d e g r a d i n g  t o  
L ,  
bi l e !  subsys tem.  

An example ,  f o r  i n s t a n c e ,  w i t h  which CSM-103 
would b e  f a c e d  c o n c e r n s  t h e  SPS p r e s s u r i z a t i o n  p a n e l  
which i s  c o n t i n u o u s l y  exposed t o  p r o p e l l a n t  v a p o r  any 
t i m e  t h e  t a n k s  are  l o a d e d .  I n  t h i s  c a s e ,  t h e  problem 
i s  p r o p e l l a n t  v a p o r  b a c k s t r e a m i n g  ( b y  l e a k a g e )  t h r o u g h  
t h e  quad-check v a l v e s .  I f  b a c k l e a k a g e  does  o c c u r ,  and  i t  
c a n ;  a r e a c t i o n  i n  t h e  common c r o s s o v e r  m a n i f o l d  w i l l  
p r o d u c e  water .  
t o  form n i t r i c  a c i d  which,  i n  t u r n ,  a b s o r b s  more water 
from t h e  v a p o r  r e a c t i o n  p r o d u c i n g  d i l u t e  n i t r i c  a c i d .  
The d i l u t e  n i t r i c  a c i d  can  remove t h e  a n o d i z e  o f  t h e  
a1uminur:i h o u s i n g ,  e v e n t u a l l y  r e s u l t i n g  i n  t h e  f o r m a t i o n  
o f  aluminum n i t r a t e  c r y s t a l s  ( p a r t i c u l a t e  c o n t a m i n a t i o n ) .  

T h i s  w a t e r  w i l l  combine w i t h  N 2 0 4  v a p o r  

* " C o m p a t i b i l i t y  E v a l u a t i o n  of  CSM SFS and RCS HaidW2re , I 1  
MSC r e p o r t  by P r o p u l s i o n  and Power D i v i s i o n ,  d a t e d  May 31,  
1968 
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While t h e  CSM p r o p u l s i o n  subsys t ems  have  o n l y  
b e e n  f o r m a l l y  q u a l i f i e d  to 30 d a y s ,  t h i s  d o e s  n o t  neces -  
s a r i l y  mean t h a t  d i f f i c u l t i e s  can  be e x p e c t e d  t o  o c c u r  on 
t h e  3 l s t  day  a f t e r  p r o p e l l a n t  l o a d i n g .  A c t u a l l y ,  t h e  sub- 
s y s t e m s  are p r o b a b l y  c a p a b l e  o f  r e m a i n i n g  w e t t e d  for a p e r i o d  
w e l l  o v e r  30 d a y s ,  which i s  one o f  t h e  MSC o b j e c t i v e s - -  
e s t a b l i s h i n g  t h e  u p p e r  l i m i t s  o f  s u b s y s t e m  c o m p a t i b i l i t y  i n  
t h e i r  c u r r e n t  program. 

COMPATIBILITY REQUIREMENTS TO SUPPORT THE C PRIME MISSION 

A .  C u r r e n t  Launch O p p o r t u n i t y  

U n t i l  r e c e n t l y ,  h y p e r g o l  l o a d i n g  f o r  AS-503/CSM-103 
was s c h e d u l e d  t o  b e g i n  abou t  1 0 . 5  d a y s  b e f o r e  t h e  l a u n c h  
b a s e d  on a " s u c c e s s "  s c h e d u l e .  A s  shown i n  F i g u r e  1, t h e  
AS-503 CDDT has b e e n  s h i f t e d  i n  t h e  pad s c h e d u l e  t o  o c c u r  
a f t e r  h y p e r g o l  p ' r o p e l l a n t  l o a d i n g . *  The e f f e c t  o f  t h i s  
change  i s  t o  move t h e  s t a r t  o f  h y p e r g o l  l o a d i n g  from 
T - 1 0 . 5  d a y s  back  to T-19 days i n  t h e  pad  s c h e d u l e .  It 
s h o u l d  be n o t e d  t h a t ,  as b e f o r e ,  t h e  1 9  d a y s  a l s o  com- 
p r i s e s  a " s u c c e s s "  s c h e d u l e .  Adding a nominal  m i s s i o n  t i m e  
o f  8 d a y s  t o  t h e  19 days  o f  h y p e r g o l i c  e x p o s u r e  g i v e s  a 
t o t a l  minimum t i m e  o f  27  days d u r i n g  which t h e  s p a c e c r a f t  
p r o p e l l a n t  subsys t em would b e  i n  a "wetted" c o n d i t i o n .  Any 
s c h e d u l e  s l i p p a g e s  a f t e r  t h e  s t a r t  o f  h y p e r g o l  l o a d i n g  would,  
o f  c o u r s e ,  i n c r e a s e  t h i s  f i g u r e .  Based on a 30-day e x p o s u r e  
l i f e t i m e ,  t h e  maximum __ -- t i m e ,  t h e n ,  a v a i l a b l e  fo:? c o n t i n g e n c i e s  
a f t e r  T-19 d a y s  would be  t h e  d i f f e r e n c e  between minimum 
e x p o s u r e  t i m e  and  t h e  30-day d e s i g n  poin t - -which  i s  3 d a y s .  
T h i s  r e l z t i o n s h i p  i s  shown i n  F i g u r e  1. If' ZSM-163 h y p e r g o l  
c o m p a t i b i l i t y  r e m a i n s  a t  30 d a y s ,  s c h e d u l e  s l i p p a g e s  a f t e r  
t h e  s t a r t  of  h y p e r g o l  l o a d i n g  t o t a l i n g  more t h a n  t h r e e  
diys will c o r r e s p n n d i n e l y  r educe  t h e  t i m e  a v a i l a b l e  for t h e  
m i s s i o n .  

For  AS-503, t h e  impor t ance  of t h i s  " c o n t i n g e n c y  
t i m e "  a v a i l a b l e  af te i -  t h e  s t a r t  o f  h y p e r g o l  l o a d i n g  i s  
t h a t ,  i n  r e a l i t y ,  t h i s  i s  t h e  t o t a l  l a u n c h  o p p o r t u n i t y . * *  
I f  AS-503 i s  t o  conduc t  a m i s s i o n  r e q u i r i n g  "da te  s p e c i f i c "  
s o f t w a r e ,  t h i s  c o n t i n g e n c y  t i m e  c o u l d  w e l l  b e  a d e t e r m i n h g  
f a c t o r  i n  t h e  number o f  l a u n c h  windows t o  p r e p a r e  f o r .  

*AS-503 LC-39 P r o c e s s i n g  S c h e d u l e ,  KSC, da ted  September  1 0 ,  
1968 

**A " l a u n c h  o p p o r t u n i t y "  i s  d e f i n e d  as t h e  t o t a l  p e r i o d  o f  
t i m e  w i t h i n  a g i v e n  month d u r i n g  which t h e  d a i l y  l a u n c h  
windowe o c c u r .  
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1. Impact  o f  SV Recycle  Requ i remen t s  

C u r r e n t  A p o l l o / S a t u r n  r e c y c l e  r e q u i r e m e n t s  f o r  a 
s c r u b  a f t e r  LV c r y o g e n i c s  have been  l o a d e d  a re  i n  e x c e s s  o f  
t w o  d a y s .  A 3-day l a u n c h  o p p o r t u n i t y ,  t h e r e f o r e ,  f o r  
AS-503 unde r  t h e  c o n d i t i o n s  o u t l i n e d  above i s  i n s u f f i c i e n t  
t o  accommodate more t h a n  one l a u n c h  a t t e m p t  f o r  a n  e i g h t -  
day  mi-ss ion .  These c o n d l t i o n s  would a p p l y  to any 8-day 
C Pr ime M i s s i o n  w h e t h e r  i t  i s  l u n a r  o r b i t ,  l u n a r s w i n g b y  or 
low e a r t h  o r b i t .  Given t h e  t y p e s  of  s c h e d u l e  s l i p p a g e s  
e x p e r i e n c e d  i n  t h e  p a s t ,  t h e  p r o b a b i l i t y  may be low o f  
s u c c e s s f u l l y  m e e t i n g  a th ree -day  l a u n c h  o p p o r t u n i t y  f rom 
a p o i n t  i n  t h e  pad f l o w  1 9  days  p r i o r  t o  l a u n c h .  

B. C o m p a t i b i l i t y  E x t e n s i o n  f o r  C Prime M i s s i o n  
( A l t e r n a t e )  - Laugch O p p o r t u n i t i e s  

C u r r e n t  p l a n n i n g  for AS-503/CSM-103 i s  t o  con- 
d u c t  a n  8-day l u n a r  o r b i t  m i s s i o n  ( C  P r i m e  A l t e r n a t e )  
p r e d i c a t e d  on t h e  s u c c e s s f u l  f l i g h t  o f  AS-205. I n  t h i s  
c a s e ,  t h e  m i s s i o n  w i l l  f a l l  w i t h i n  a n  MSC ground r u l e  
which  s t a t e s  t h a t  t h e  f i r s t  l u n a r  o r b i t  m i s s i o n  w i l l  be  
l a u n c h e d  i n  d a y l i g h t . "  

1. S i n g l e  Launch-Opportuni ty  C a p a b i l i t y  

Under t h e  g round  r u l e  ment ioned  above ,  t h e  f i r s t  
a v a i l a b l e  t i m e  p e r i o d  ( l a u n c h  o p p o r t u n i t y )  w i t h i n  r a n g e  o f  
t h e  c u r r e n t  MSF s c h e d u l e  i s  from December 20-27 of t h i s  
y e a r . * *  
a b i l i t y  for AS-503 i s  o n l y  thyee  d a y s ,  a 4-day e x t e n s i o n  
of  t h e  h y p e r g o l  c o m p a t i b i l i t y  i s  r e q u i r e d  to f u l l y  c o v e r  
this o p p o r t u n i t y  ( s e e  F i g u r e  2 ) .  

R e a l i z i n g  t h a t  p r e s e n t  l a u n c h  o p p o r t u n i t y  a v a i l -  

2 .  Dual  Launch-Opportuni ty  -. C a p a b i l i t y  

I n  t h e  e v e n t  a two l a u n c h  o p p o r t u n i t y  c a p a b i l i t y  
i s  d e s i r e d  for a n  a l t e r n a t e  C P r i m e  M i s s i o n  ( P a c i f i c  
i n j e c t i o n  o n l y ) ,  t h e  n e x t  o p p o r t u n i t y  a f t e r  December when 
d a y l i g h t  l a u n c h  windows o c c u r  
J a n u a r y  18-26,  1969.  T h e  CSM c o m p a t i b i l i t y  l i f e t i m e  
would ,  t h e r e f o r e ,  have to b e  e x t e n d e d  a t  l e a s t  32 d a y s  to 
c o v e r  this p e r i o d .  
i n  F i g u r e  2 .  

d u r i n g  t h e  p e r i o d  o f  

T l i i s  Pelationship can  b z  seen  graphically 

*Also i n c l u d e d  i n  A p o l l o / S a t a r n  Launch M i s s i o n  R u l e s ,  
A p o l l o  8 (AS-503/CSM-103) P r e l i m i n a r y )  

C P r i m e  M l s s i o n  Apo l lo  Program O f f i c e ,  NASA H e a d q u a r t e r s ,  
d a t e d  S3etember  3 ,  1968 

% * P r e l i m i n a r y  M i s s i o n  Implemen ta t ion  P l a n  f o r  Apo l lo  8 ,  
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Given a n  8 day C Prime M i s s i o n ,  i t  i s  conc luded  
t h a t :  

a .  A 30-day h y p e r g o l  c o m p a t i b i l i t y  l i f e t i m e  f o r  t h e  
CSM p r o p u l s i o n  subsys t ems  l i m i t s  t h e  C P r i m e  M i s s i o n  to a 
3-day l a u n c h  o p p o r t u n i t y .  

b .  The c o m p a t i b i l i t y  l i f e t i m e  would have  to be 
e x t e n d e d  somewhat to i n c r e a s e  t h e  p r o b a b i l i t y  o f  l a u n c h  
s u c c e s s .  

c .  F o r  a C P r i m e  ( A l t e r n a t e )  M i s s i o n ,  t h e  compat i -  
b i l i t y  l i f e t i m e  would have to be e x t e n d e d  a t  l e a s t  4 d a y s  
t o  f u l l y  c o v e r  t h e  d a y l i g h t  l a u n c h  o p p o r t u n i t y  i n  December 
1968.  

d .  For a C P r i m e  ( A l t e r n a t e )  M i s s i o n ,  t h e  compat i -  
b i l i t y  l i f e t i m e  would have to be e x t e n d e d  a t  l e a s t  32 d a y s  
t o  f u l l y  c o v e r  b o t h  d a y l i g h t  l a u n c h  o p p o r t u n i t i e s  f o r  
December 1968 ,  and J a n u a r y  1 9 6 9 .  

2032-SHE-gmp 

At t achmen t s  
F i g u r e s  1-2 
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